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CHOPPED STRA»n NON-WOVE" »""• PRODUCTION 



BArifr.pniiMD AND SUM »«*RV OF THE INVENTION 

In the manufacture of a wide variety of products, especially molded products, 
chopped fiber (e.g. glass fiber) mats are used in the molding operation and typically 
5 saturated with resin. These mats have conventionally been produced by a,r la,d 

techniques, at a production rate that is normally between about 20-30 m/min„ and must be 
relatively thick/dense otherwise they have too many holes and discontinuities to be fully 
effective in molding on other subsequent processing operations. These mats are typrcally 
made of fiber bundles having five or more fibers per bundle, typically about 10-450 
$0 fibers/bundle. 

Glass tissue produced by the wet laid method or by the foam method comprises 
individual fibers or fiber bundles with very few (typically less than five) fibers in a bundle. 
Sometimes, some fiber bundles have not dispersed fully into the slurry. These poorly 
dispersed fiber bundles are elongated bundles, because the individual fibers of the bundle 
have slid with respect to each other. The length of an elongated fiber bundle is much 
longer than the length of the individual fibers. The fiber bundles that enter the slur^ 
formation process comprise fibers that have the same length as the fiber bundle, since the 
yarn (typically about 10-450 fibers) is cut into bundles having a predetermined length ,n 
cutters Elongated fiber bundles are defects in the fiber tissue, causing an uneven surface 
configuration of the tissue. In a poor quality glass tissue, there may be as much as about 5 

- 10 % elongated fiber bundles. 

Exemplary prior art techniques for making glass fiber mats by the air laid method 
and making glass fiber tissue by the wet laid method are described in K.L. Loewenstern: 
The Manufacturing Technology of Continuous Glass Fibres, 1993 (incorporated by 

25 reference herein). 

According to the present invention the limitations of the prior art mats described 
above are substantially overcome or minimized by employing one or more simple yet 
effective techniques. According to the present invention preferably the fibers are held m 
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(B ,. abou, ,0-450) fibers are provided in each .85% o, the fibers 

theSe r:Zleinven«on « ^ possibie ,o produce rna-s ^0 a su = * 

uni^n^c^ 

.echnigues. For exampie, ma, can be produced bav, ens, V - to 9 ^ 
even ,ess. Tbe mats may be produced much more « ^ ' 
a wider varied is possibie. For example, ma s ^ ^L^ results are 
properties and/or compositions may readiiy be ^ » of well 

over 60 m/min. (typicaHy over 80 m/m,n, e.g. abo , 1 ~ foam ocess 

with highly Uniterm mats o, a wide variety o, construe - — 

process the slurry can have 0.5-5 h (or any sma a 

.eight, whereas in the we, laid process the max,mu m » e — S ^ of 

weigh,. I. a larger percentage o, fibers is used ,n the we, , d, * 
— ustbeincreased ^^^J^^*" 
, including the format.on of a.r bubbles. Tn.s wo m 

. rssr it - - - — -rrr - 

iengths of the fibers forming the bundles, and where.n at leas. 85 
DU „ d ,es have a diameter of between about 7-500 morons ^ 

a length of between 5-1 00 mm, preteraoiy ^ 
bundles have a diameter of between 7-35 microns. y P 
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use with glass fibers. extremely wide 

density range, e.g. between about 50-900 g/m , yet w 

u _j etrflnd mat is provided comprising: (a) Forming a siimy u 

„it h drawing at ,eas, one o, liouid and .can, from ,he s u * on ^a 
as.o,ormanon-wovenma,Pre^ 

weigh, fibers. The liquid process pract, « be - » ^ ^ 

process practice may be such as shown ,n U.S. patent 5,90 
l» disclosure o« which is hereby incorporated by reference herern). 
re,ateS Z:t— ^orfoarnprocessasopposedtoairlaiaprocess, 
„ J! o, production are much greater. That of 

speed of at ,eas, eo m,min, ^^^^^ - - • 
1 20 m/min. The foraminous may have any suitable 

conventional wire, ordua, or multiple wires, etc. ™^£»"£Z mtm 
practiced using a moving web of fabric which becomes par. of .he ma. pro 
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.oraminous element ,o, one o, a plurali* o, such elements). Also by utilizing the invention 

application Serial No. 09/255,755, tiled February 23, 1 999 (Attorney *^M*>». 
d solosure o. which is incorporated by reterence herein, or U.S. Patent ^ 

to the method typically (a) forming a slurry of fibers in a l,au,d or foam (pre, *b V 
f0 am) wherein at leas, 20% o, the fibers in the slur* are in fiber bund es ,n whrch ,he „bers 
are held in the bundles by a substantia^ non-water soluble sizing; (b) formrng a non- 

web from the slur* on a foraminous element; and (c) withdrawing a, leas, one ot 

For example (a) is practiced using at least 1 0% (for example at least 50 A, and at 
"up < s b tally 100%) ot reinforcing fibers in the fiber bundles, the — ,g 
h^ s selected from the group consisting essentially o, glass, aorylic, aramrd, carbon 

- ™s, and combinations thereof. Also, <a„c, may £ pra*ed 
so I to produce a ma, having a substantially uniform density o, between about 50-1 50 

""'Method may further comprise producing a second ma, from a, leas, a second 
slurry haS^ «~ composition or density than the slur* from (a), and layrng the 

tQ ma t havin^Tfeast two substantially distant layers w.th different fiber 

nmdure a composite mat naving ax i&bu^wvw o . 

Z Ions o^densities. Alternativ^T - ^ "ZZZZ^ 
provlg a, leas, one surface layer on the ma, a^ng *. a, leas, one surface la er 
hTlwith a binder. The me,hod .ypicaliy further colouring .he brnder rom (d) 
and d*ing .he web in a drying oven. For example (a, is furth^ed usrng hea, 
activated binder power or fibers in the slurry. 

producing a non-woven chopped s,rand ma, comprising: (a) Forming a slur* o, ffcers ,n a 
Sin 1 0-450 fibers/bundle and a lengfh substantially the same as the length o, sa 
0 and a diameter of the fibers in bundles of between 7-500 mrcrons. (b) Form, g a non 



,, u , and foam the ^ on , he;ora : - := ^:::: i^nr 

According to another aspect ot the present ^ 
described above and an ,nner layer of at least o ^ may be 

— r 

headbox", having at least two layers g forcement threads, and 

different reinforcement webs. The compo Enforcement threads 

substantially continuous fibers and with he 1 through the headbox. 

3 and webs with directional strength propels ,h are e ^ ^ ^ 

1 A«lea,apa rt o,theco m po ;=: r :r=o(thetibere(edtoaheadto 

■ , lorm or in a fibrous form. At leas, 20 /° ej sQme appropriate 

| may be attached to each other ,o form „be *u les by ^ ^ ^ ^ ^ ^ 

1 M rophobic sizing-agent such as epoxy e*n • ^ ^ ^ number 

^ a fiber bundle is substantially t he sam ^as ^ ^ ^ ^ (he 

- of fib ers ,n a fiber bundle ,s vana e and pre « V ^ ^ mm ft( 

apparatus (headboxes). wi(hin , he broad range s se, 

According to the present ,nven.,on all na owe 9 ^ ^ ^ ^ ^ 

forth above arespecifically ^^^k.^^ 
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H is .he primary obiec, of the present invention to provide a highly advantageous 
ma , o il madeL the mat, and a method ot production ot the mat, that overcome 
II the prohiems in the prior ar, chopped giass fiber ma, and glass tissue art, Th,s 
andoLr JL of the invention wii, become Cear from a detaiied descr,p,on ofthe 
invention and from the appended claims. 

nn|C c ncQPHIPTION OF ™F flRAWINGS 

FIGURE 1 is a schematic enlarged perspective view of an exemplary fiber bundle 

Seaside — viewo,ane X emp,aryma,accordingto«heinven,on 
and showing various modifications thereof in dotted line; and 

ZL 5 is a side schematic cross-sectional view o, an exemplary compete 
product according to the invention. 

nrT ^„ C n nPgrRIPTION O c ™* DRAWINGS 

FIGURE 1 schematically illustrates a, reference numeral 10 a fiber bundle adding 
t0 the present invention. The fiber bundle 10 is made up of a plurality o, ,nd,v,dua, 
, 1 a blen 5-450 fibers, more preferably between about 1 0-450 fibers and any 
, he n le range within that broad range (such as set forth in Table I below, The 

slTg (Shown schematically a„2 in FIGURE 1), such as PVOH or epoxy resrn, although 
wide variety of other conventional sizings may be utrhzed. 

As contrasted to the small numbers of fibers held in glass trssue bundles, for the 
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35 microns. 



^^^"^ - *■* in ,iber bund,es 10 : whi :r 

~ ====== 

structure (e.g. see U.S. Patent 4,445,974), or may be the foam process, such 

erprocee.stow^,^ and/or toamtrornthewehcnthe 

26 .oraminous element, as grated schematically a, 18 in FIGURE 3, typical y u 
Hum Poxes or rolls, or the „e. The „o,i«oam withdrawal and p« 
sub seo,en< drying and,or curing in an oven as schematically Ulus^ed at 9 ^*„ 

30 Z Z a forcing structure in a molding process wherein the ma, is ,mpregna d 
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electrical component casings, industrial containers, automobile, boat, or other vehicle 

P3rtS ' t schematically iilustra.ed a, 22 in FIGURE 3, other slurries having different tiber 
composition or physicai properties (suoh as density) may aiso be formed and as 
HiusLed schematicaiiy a, 23 in FIGURE 3, multiple layers may be prov,* * on the 
foraminous element, such as shown in copending application Senal No. 09/255,755J*x 
riem , c lly illustrates an clonal alternative or additional location for b,de, ad.t,on, 
I Z*« above. Wherever the binder <i, used, is added, i, may be added ,n „gu,d, 

( pre,er b y a, lea, 50%, and otten at leas, 85% up to substantially 100%, o. the „bers 1 
. Ie L bundles ,0 comprise reintorcemen, fibers selected from the group cons,s„ng 
i essentially o, glass, aramid, carbon, polypropylene, acrylic, and PET „bers, and 
= mConsLeof; for example about 50% of the fibers in the 
ft glass fibers in the manufacture of many common articles. The density of the ma, 26 (see 
? F GORES 4 and 5, produced may vary widely, hereon abou, 50-900 g/m* For example. 

I esen, invention and shows the minimum and maximum number o, «,bers 1 1 ,n he 
presenting , ah „,„ R s% of the mat so produced. The spli, percentages 

bundles 1 0 forming at least about 85 /« of the mat so p 

given in Table I indicate the minimum and maximum percentage of f.ber bund es 1 M 
I number of fibers in the bundles se, forth for the corresponding dens,ty ma, ,n Table I. 
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Weight 
/m 
50 
100 
125 
150 
200 
225 
250 
300 
450 
600 
900 



Fibers in bundles 



mm 
JO 
_10 
JI5 
J5 
_20 
_20 
30 
30 
50 
50 
50 



max 
200 
200 
200 
200 
200 
200 
250 
250 
300 
400 
450 



T ABLE 
split 
max 
20 
20 
20 
20 
15 
15 
15 
15 
15 
12 
10 



mm 
5_ 
5_ 
5_ 
_5_ 
5_ 
5_ 
_5_ 
5_ 
_5_ 
5_ 
5 



Fih-r ^motors are between / and 35 micro 



split % 
min 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
meters 



max 
95 
95 
95 
95 
95 
95 
95 
98 
98 
98 
98 
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The values set forth in Table I are approximate. 

The terms "split" and "split %■ used in Table . are best described w.th respect to the 
norma, production method of glass fiber bundles. The diameter of the fibers used ,s 

between 7-35 ^m, e.g. about 1 1 ^m. 

The number o, nozzles used to produce fibers (e.g. glass fibers) can vary from 
16 00-4000, usual, divided info a, ,eas, .0 bushings. ,» fhere are .600 
i„,o two bushings, 800 + 800 fibers are drawn downward* from .he nozz,es. F rs« ,h are 
TJed by appLors wifh a spray o, sizing agenf; according .0 ,he inven„on .he s,z, ng 
agent is substantially water insoluble. 

The term "split 8" then means that .he firs, 800 fibers and the second 800 f,bers are 
both gathered by a gathering shoe or comb so ma. «hey form 8 + 8 bundles^ 
con.a ning 1 00 fibers. Each of .he 8 bundles are then wound to make a fiber cake. The 

fterS ' The fiber cakes are drawn towards cutters, e.g. .he bundles each having 100 fibers 
are .hen cu. .0 certain leng.h e.g. 20-30 mm and then fed to an endless cha.n l,n be«. 

liquid process so that a slurry of fibers in a liquid or foam is formed. 
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containing 40 fibers. If one uses uce aR 

even surface in a 50 g/m mat. If there are too v * Themore 

i^^^ - - <■* even, distributed over the surface ot 

illust ratin 3 the difference between a chopped — and a tissue mat, 

which « is produced; an air ,aid process, or the i,qu,d or foam processes,, 

especially a poor quality tissue mat. s ^ 

man y as10%o,.he,ibersinbund,es^ ^ 
jntentionallyto producesp = ^^ 

r::^=i: * . « *ay. - ^ 0 , «. « - 

» is substantially higher than the lengths of individual fibers. 
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There is a difference between a chopped strand mat produced by the foam method 
and a tissue mat produced by the foam method. In a chopped strand mat all the fibers 
should be in bundles and because of the technique used (formation of the bundles and the 
use of cutters) the length of the bundles in a chopped strand mat is substantially the same 
as the length of the fibers that form the bundle. Also at least 20% of the fibers that enter a 
headbox are in bundles and in practice about 60-98%, e.g. about 80%. The 100% ideal 
situation is not reality; two bundles can sometimes be glued together; also one bundle can 
split into individual fibers by mechanical collisions before it enters the wire or during the 
time it is exposed to water or water based foam, because of poor sizing on some fibers in 
a fiber bundle. 

The "split %" describes how well one has succeeded in making the chopped strand 
bundles. The split % describes how many of the fibers that enter the chopped strand mat 
are in individual bundles. According to the invention the chopped strand bundles are 
collected after the cutters to be used in the foam based process. The "min" and "max" 
columns under "split %" in Table I indicate that between 60-98% (average 80%) of the 
fibers in a chopped strand mat (after the cutters) are in individual bundles, not loose as 
individual fibers or joined together as two bundle "logs". 

Because the wet laid or foam processes are utilized in the practice of the invention, 
the speed of formation of the mats 26 may be greatly increased compared to air laid 
process which is used for conventional chop strand mats, and with little or no trapped air. 
According to the present invention the procedures set forth in boxes 17 through 19 of 
FIGURE 3 may be practiced at at least 60 meters per minute, typically at least 80 meters 
per minute, and speeds of at least 120 meters per minute are easily achievable. 

Also by practicing the invention it is possible to produce mats 26 have a 
substantially uniform density of less than 75 g/m 2 , which is not practical utilizing 
conventional techniques. In conventional techniques where the mat has a density of about 
100 g/m or less the construction of the mat is non-uniform, there being holes or 
discontinuities which adversely affect the strength of the product (e.g. a molded industrial 
container or vehicle part) produced therefrom. However, according to the present 
invention mats 26 with substantially uniform density may be easily produced with a density 
of about 50-150 g/m 2 , and possibly even lower densities, typically with at least 60% (e.g. 
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about 60-95%) of the fiber bundle 10 having between 10-200 fibers 1 1 per bundle, each 
fiber 1 1 with a diameter between 7-35 microns. 

FIGURE 4 illustrates a composite mat construction 25 that may be produced 
according to the invention, in which the mat produced from the slurries illustrated in box 16 
is formed on a fabric 27 as the foraminous element, the fabric 27 then becoming an 
integral part of the final product 25. FIGURE 4 also schematically illustrates in dotted line 
a second mat 28 formed from another slurry 22 which has fiber and/or physical properties 
differing from that of the mat 26 (typically different by at least 5%, and preferably differing 
by at least 10% in both fiber composition/mixture and physical properties). 

Utilizing the present invention it is possible to produce composite products which 
have high strength but much less expensively than in conventional constructions. FIGURE 
5 schematically illustrates one such composite product 29 which has mats 26 according to 
the present invention (which may have substantially the same, or different, fiber 
compositions and physical properties) which are processed in a further processing 21 
schematically illustrated in FIGURE 3 to form a sandwich with an inner layer 30 of at least 
one of inexpensive or scrap fibers, and material of significantly (e.g. at least 5%, preferably 
at least 20%) lower density than the outer mat layers 26. For example, the layer 30 may 
be scrap fiberglass and plastic fibers, or foam (with a density less than 20% that of the 
mats 26), or scrap fibers in a foam, etc. 

In the practice of the invention the foam process is preferred, with about 0.5-5% by 
weight fibers 1 1 (in bundle 10 form) in the slurry 16 (see FIGURE 3), without the need for 
any viscosity enhancing or bubble-formation reducing additives. 

It will thus be seen that according to the present invention a highly advantageous 
method and products and composites are provided. The invention has numerous 
advantages over the related prior art, yet may be practiced in a simple and cost effective 
manner. While the most practical and preferred embodiment of the invention has been 
illustrated and described, it is to be understood that many modifications may be made 
thereof within the scope of the invention, which scope is to be accorded the broadest 
interpretation of the appended claims so as to encompass all equivalent methods, mats, 
and composites. 



